Grass pea (Lathyrus sativus L.) is a diploid crop having 2n 5 14 chromosomes. Four different plant types, heterozygous for reciprocal translocation (RT), RT-1, RT-2, RT-3, and RT-4 showing pollen semisterility, were isolated in induced mutant population of three varieties of grass pea. Transmission rate of these 4 translocations was studied in advanced selfed and intercrossed progenies, whereas multiple chromosomal interchanges were detected by the pattern of chromosomal ring formation at meiosis I in the F 1 progeny of RTÂRT. RT transmitted at an average of 48.89% in selfed progeny and along with normal plants, RT and translocation homozygotes produced some trisomic plants in the segregationg progeny. RT-3 showing maximum frequency (68.20%) of zig-zag or alternate chromosome orientation exhibited highest transmission (55.20%). Presence of a ring of 6 or 2 rings of 4 chromosomes in F 1 double heterozygotes obtained from RTÂRT suggested involvement of one common chromosome in translocations of RT-1, RT-2, and RT-4 but a different one in common between RT-2 and RT-3. No common chromosome, however, was shared by RT-3 and RT-4. Thus, 5 out of 7 chromosomes are involved in the present RTs, and one of the translocated chromosomes in RT-1 line was always associated with nucleolar organizing region.
Grass pea (Lathyrus sativus L.) is an annual legume crop with 2n 5 2Â 5 14 chromosomes in its somatic cells. Radiationinduced chromosome breakage and subsequent exchange of broken pieces between nonhomologous chromosomes (reciprocal translocation) are the most frequent types of mutations in different crop plants (Burnham 1962; Sjödin 1971; Sadanaga and Newhouse 1982; Singh 2003 ). Intercrossing followed by cytological analysis among translocation lines has been extensively utilized to deduce involvement of multiple interchanged chromosomes and their independence in different crops (Burnham 1962; Sisodia and Shebeski 1965; Tyagi and Singh 1974; Kawahara 1987) . Among the leguminous crops, genetics of reciprocal translocation has been studied in Pisum sativum L. (Pellew 1940) . In soybean, 7 translocation lines have been cytologically confirmed in intercrossed population of translocation homozygotes involving 6 of the 20 chromosomes (Mahama et al. 1999 ) and have been used in different linkage studies (Mahama and Palmer 2003) . In Phaseolus vulgaris L., 12 reciprocal chromosome translocation lines have been genetically verified in gamma ray-induced progeny (Ashraf and Bassett 1987) . In grass pea, meiotic behavior of radiation-induced translocation heterozygotes has been reported (Biswas and Biswas 1997; Talukdar and Biswas 2006; Talukdar 2008a; Tripathi and Kumar 2009 ), but segregation patterns of these translocations in advanced selfed and intercrossed generations were not studied in this crop. Along with different aneuploids and other structural chromosomal aberrations, reciprocal translocation served as excellent cytogenetic tools for identification and mapping of different linkage groups in plants (Sybenga 1996) . It has also been involved successfully in transferring desirable traits (Sears 1956; Gustafsson 1965) and to generate different trisomics in a number of crop plants (Sutton 1939; Ramage 1960; Ashraf and Bassett 1987; Lakshmi and Nalini 1989; Auger and Birchler 2002) .
Earlier studies in the present author's laboratory had resulted in isolation of 4 different semisterile mutant lines in gamma ray-induced M 2 progeny of 3 different cultivars, namely, , and subsequently, these lines were cytologically confirmed as heterozygous for reciprocal translocations in their diploid complement (Biswas and Biswas 1997; Talukdar and Biswas 2006; Talukdar 2008a) . The term ''RT'' for reciprocal translocation will be used in this communication. These 4 lines have been maintained for several generations through selfing and intercrossing in separate and well-protected fields. The chromosomal polymorphism observed in these 4 different lines could be due to presence of one or several translocations. Thus, the present work was undertaken to 1) study the inheritance pattern of translocations in selfed and intercrossed progenies and 2) to determine whether the translocation lines were independent or not, that is, whether they have carried common or different translocated chromosomes in the present material of L. sativus L.
Materials and Methods

Origin of 4 RT Lines
Among the semisterile plant population isolated in gamma ray-induced M 2 progeny, one plant exhibited exchange of the secondary constricted region of a nucleolar organizing chromosome and a segment of a nonhomologous partner, whereas another plant showed exchange of broken segments of nonhomologous chromosomes without involving nucleolar organizer chromosome (Biswas SC and Biswas AK 1997) . Both the plants, detected from 400-Gy-irradiated M 2 progeny of grass pea var. BioK-231 manifested high incidence of typical multivalent association at diakinesis and metaphase I but showed normal phenotype. These 2 plants were selfed for several generations, and their progeny plants heterozygous for RT were tentatively designated RT-1 and RT-2, respectively. Cytological analysis confirmed the presence of reciprocal translocation involving nucleolar organizing region in RT-1 line, whereas RT-2 line carried translocation devoid of this region. Beside these 2 lines, another variant plant showing partial pollen sterility, distinct flower, and stipule morphology from parental variety and from RT-1 as well as RT-2 were isolated in 350-Gy gamma ray-irradiated M 3 progeny of var. BioR-231 and 300-Gy M 2 progeny of var. BioL-203, respectively (Talukdar and Biswas 2006; Talukdar 2008a) . Cytogenetic analysis in M 3 and advanced selfed generations established the presence of reciprocal translocation in progeny plants, and on the basis of their different phenotypic manifestations, the former one was tentatively designated as RT-3, whereas the latter has been used as RT-4 in the present study.
Segregation of RTs in Selfed and RT Â Normal Plants and Detection of T/T and N/N Plants
The 4 RT lines were field-grown in rows maintaining 40 cm and 10 cm distances between rows and plants, respectively, in identical range of temperature of 24-29°C and about 11 h of photoperiod at research farms in Kalyani (22°59# N/88°29#E), West Bengal, India. Inheritance of translocation heterozygosity was traced in selfed as well as in intercrossed populations. Standard nomenclature of N/N for homozygous normal noninterchange chromosomes, N/T for heterozygous translocation, and T/T for homozygous translocation chromosome was used. The occurrences of quadrivalents were interpreted as evidence of translocation heterozygosity in the present study. Although, the simple observation of 7 bivalents for all fertile homozygous individuals did not permit to distinguish N/N plants from T/T, a good number of plants exhibited some ''variant phenotypes'' from normal-looking plants in the selfed progeny of RTs, and they were separately harvested in the progeny of each RT type. After necessary cytological study, all the fertile plants (N/N and T/T), except aneuploids, were crossed (RT type wise) with normal cultivars to obtain F 1 progeny. Chromosome configuration at metaphase I and pollen sterility was analyzed in these F 1 plants. The variant plants that produced F 1 with multivalent association and semisterile pollen after crossing with normal cultivars were categorized as T/T plants. Plants that produced completely fertile F 1 offspring when crossed with normal cultivars were classified as homozygous for normal chromosomal arrangement (N/N). Crosses were also made between 4 translocation lines and normal plants to study segregation of N/T and other plant types in the progeny. Chi-square test was employed in each case to test the segregating selfed progeny of RT for the expected ratio of 1 (N/N):2 (N/T):1 (T/T) and again for the ratio of 1 fertile:1 semisterile in the intercrossed progeny of normal plants with RT lines. Meiotic I chromosome association was studied to identify aneuploids recovered from both selfed and intercrossed progeny.
Segregation of RTs and Identification of Multiple Interchanges in RTÂRT
In order to determine the number of one or more independent interchanges in the population, the 4 RT lines were crossed with each other in all possible combinations. If the 2 structural heterozygotes involved in the crosses carried the same translocation, their common offspring would show a 1:1 ratio of homozygotes (normal or translocation) and single heterozygous plants. When 2 translocations were different, double heterozygotes would be expected in their offspring with a probability of 0.25. Multivalent configurations exhibited by double heterozygotes in the intercrossed progeny at meiosis I has been used as criteria to ascertain the involvement of common or different chromosomes in 4 translocation lines studied here.
Cytological Study
Diakinesis and metaphase I chromosome configurations have been mainly used to distinguish different types of RT and normal nontranslocated plants in selfed and intercrossed progenies of RT-1, RT-2, RT-3, and RT-4 lines. At flowering, immature and suitable-sized flower buds were collected from each plant between 9:30 AM and 11.00 AM and fixed in freshly prepared 1:3 aceto-alcohol for 24 h at room temperature. After 24 h, the fixative was replaced with 70% ethanol, and samples were stored at 4°C for future observation. Anthers from treated buds were smeared with 1% propionocarmine stain and observed under light microscope. Pollen sterility was studied by staining freshly collected pollen grains from 4 randomly taken mature flower buds between 8.30 AM and 9.30 AM in 1% acetocarmine solution and presented in percentage.
Results
Segregation of Translocation Heterozygosity in Selfed Progeny of 4 RTs
Meiosis I chromosome association of the offspring obtained from 10 consecutive selfed generations (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) for RT-1 and RT-2 and 5 successive selfed generations (2005) (2006) (2007) (2008) (2009) for RT-3 and RT-4 revealed that on an average the level of translocation heterozygosity in population has been maintained at about 48% in successive generations, and the variation of this level between generations was found nonsignificant (data not shown). The results being homogeneous over the generations were pooled for 4 translocation lines (Table 1) . Among the 4 different lines in the present material, translocation heterozygosity transmitted in highest (55.20%) frequency in RT-3 line and was followed by RT-4 (52.56%), RT-2 (47.94%), and RT-1 (42%) lines. Results in Table 1 indicated that out of total 1080 plants obtained from selfed progeny of these 4 RTs, 528 plants (48.89%) were cytologically confirmed as translocation heterozygotes showing 1IVþ5II association at metaphase I and semisterile pollen, whereas 534 plants (49.44%) manifesting uniform presence of 7 bivalents and pollen fertility were categorized as homozygous fertile plants (N/N þ T/T). Segregation of fertile and semisterile plants exhibited good fit (v 2 5 0.03, [degrees of freedom] df 5 1, at 5% level) to 1:1 ratio. Rest of the 18 plants (1.67%) exhibited configuration of 5 chromosomes at metaphase I and was primarily isolated as aneuploids (Table 1) .
Meiotic Chromosome Association and Transmission Rate of RTs in Selfed Progeny
As compared with regular occurrence of 7II (2n 5 14) at meiosis I in 3 cultivars, the progeny RTs exhibited quadrivalent association (1IVþ5II) at meiosis I ( Figure 1A -C). The RT lines were not true breeding and constantly segregating in N/N, N/T, and T/T plants in selfpollination. In N/T plants, the percentage of pollen abortion ranged between 34.88% and 59.11%, and they showed quadrivalents at meiosis I. Among the quadrivalents, the 8-shaped configuration characteristic of alternate or zigzag type of orientation and open ring-shaped quadrivalent in adjacent type of segregation varied in the progeny plants of 4 RT lines. Out of 2150 total PMCs scored, 1229 cells (57.16%) manifested 8-shaped configuration, whereas 794 PMCs (36.93%) exhibited ring-shaped structure at meiosis I ( Table 2) . Rest of the cells (5.91%) possessed other types of associations, including trivalents, univalents etc., along with bivalents and were not presented in Table 2 . Among the 4 translocation lines, RT-3 showed highest frequency of alternate orientation (68.20%), lowest pollen sterility (34.88%), and highest yield as well as transmission rate, and it was followed by RT-4 (Tables 1 and 2 ). Rate of transmission was minimum (42%) in RT-1, and it was accompanied by lowest occurrence (40.18%) of alternate orientation, highest level of pollen sterility (59.11%), and lowest yield in this line. Open ring-shaped quadrivalent was scored in 54%, 33%, 27.60%, and in 32.20% of PMCs in RT-1, RT-2, RT-3, and RT-4 lines, respectively.
Detection of Translocation Homozygous (T/T) and Normal (N/N) Plants in Selfed RTs
Careful observation of the 534 homozygous plants led to the identification of 239 plants that showed variant phenotypes in different morphological traits as compared with normal control plants. Rest of the 295 plants was isolated as N/N type. Type-wise (progeny of RT-1, RT-2, RT-3, and RT-4) separate crosses between these morphologically variant plants and normal plants resulted in F 1 progeny with increased pollen sterility (40.0-63.0%, mean 49.57 ± 5.5) over normal plants (1.42-1.59%). This identified the plants showing variant phenotypes as T/T. The plants showed 7 bivalents (2n514) and low pollen sterility (2.0-2.95%) like normal plants but could be distinguished from normal plants by contrasting variation in different morphological traits. In general, these plants exhibited retarded growth accompanied with weak stem, small and dark green leaves, elongated stipules, reduced number of leaves, and seed size. Some of these plants even died prematurely. In contrast, F 1 plants of N/N Â normal cultivars were highly uniform in morphology and showed 7II at metaphase I at regular occurrence. 
Identification of Trisomics from Selfed RTs
Among the 1080 plants, chain of 5 chromosomes was manifested in microsporocytes of 18 plants (1.67%) at metaphase I. This indicated the origin of trisomy containing interchanged chromosome as extra in selfed progeny of 4 RTs in different frequencies. Maximum (2.8%) and minimum (0.70%) number of trisomic plants were recovered in the progeny of RT-3 and RT-1, respectively (Table 1 ). The plants were generally weak and less vigorous. Their stunted growth habit was accompanied with early maturity, higher pollen sterility (59-62%), and lower yield than normal diploid plants (Table 2) . (Table 3) .
Intercrossed Progeny: RT Â RT
In order to determine whether the translocated chromosomes involved in the 4 RT lines were the same or different, progeny from RTÂRT was analyzed on the basis of quadrivalent configuration at meiosis I. Results for the 6 intercrosses were presented in Table 3 . A close examination on diakinesis and metaphase I chromosome association of F 1 plants revealed that out of 6 cross-combinations, 4 intercrosses (RT-1 Â RT-2, RT-1 Â RT-4, RT-2 Â RT-3, and RT-2 Â RT-4) showed association of 6 chromosomes, and the progeny obtained from former 2 crosses exhibited ring of 6 chromosomes with nucleolar organizer region ( Figure 1D-F) . Two rings of four chromosomes were observed in crosses, RT-1 Â RT-3 and RT-3 Â RT-4, and in the former cross, out of 2 rings, 1 was always attached with nucleolar region (Figure 1G-H) . Among the total 2050 F 1 plants of RT Â RT in 6 different combinations, exclusive presence of 7II was scored in 1132 plants (55.22%), and it was followed by 612 (29.85%) single heterozygote and 306 (14.93%) double heterozygote plants. The single heterozygote population showing 1IVþ5II was actually the combination of 2 different RT heterozygote parents involved in cross and transmitted at an average rate of 29.85%. Among the 306 double heterozygotes (14.93%), 1VIþ4II association was recorded in 211 plants, whereas occurrence of 2IVþ3II was found in rest of the 95 plants. Pollen sterility increased considerably in these double heterozygote plants (Table 3) .
Discussion
Transmission of 4 RTs in Selfed Progeny
Barring trisomic plants segregation of normal (N/N), translocation heterozygote (N/T), and translocation homozygote plants (T/T) in the selfed progeny of 4 translocation lines showed a fit to the expected 1:2:1 ratio (v 2 5 5.95 at 2 df) at 5% level but quite good at 1% level (data not shown). This was due to the fact that the average transmission rate of N/T was about 48.89%, whereas T/T and N/N were scored in 22.96% and 27.31% of total progeny plants, respectively. Range of pollen sterility (34.88-59.11%) indicated that the present RTs were semisterile in nature. Presence of 1IVþ5II chromosome association at meiosis I confirmed that these semisterile plants were heterozygous for reciprocal translocations. Alternate or zig-zag orientation produced balanced and fertile gametes through 8-shaped chromosome configuration, whereas adjacent segregation showing ring-shaped quadrivalent at meiosis I gave rise to nonviable gametes due to duplication and deficiency. When these 2 types of segregations are of equal frequency, semisterility resulted (Endrizzi 1974) . Highest frequency of alternate orientation (68.20%) might be responsible for lowest pollen sterility (34.88%) and highest yield as well as transmission rate in RT-3 line, and it was followed by RT-4 (Tables 1 and 2 ). On the other hand, minimum rate of transmission (42%) of translocation heterozygosity in RT-1 was, presumably, due to minimum occurrence (40.18%) of alternate or zig-zag orientation and maximum frequency (54%) of open ringshaped quadrivalent at meiosis I. This has led to higher pollen sterility and concomitant reduction in seed yield in progeny. However, alternate type of chromosomal segregation compensated this loss of fertility in 4 RT lines in different magnitude and maintained RT in population by producing some percent of viable gametes. This indicated a relationship between frequency of alternate orientation and transmission rate of translocation in the present material of grass pea. In cultivated rye, a correlated response of alternate orientation to self-fertility and yield has been reported (Candela and Lacadena 1975) . Grass pea is predominantly an autogamous crop (Ben Brahim et al. 2001) . Strong correlation between translocation heterozygosity and high level of inbreeding have been reported in several self-pollinated plant species, and the former was considered as selectively advantageous in an inbreeding population (Darlington 1958; Lewis and John 1963; Malefijt and Charlesworth 1979) . A more or less constant frequency of interchanges in the present lines could also be attributed to the superior fitness of the RTs, conferred by heterozygous combinations of gene complexes located on the chromosomes involved in interchanges (Rees 1961; Bailey et al.1978) . In soybean translocation, Palmer and Heer (1984) critically examined agronomic characteristics of N/N, N/T, and T/T plants and observed superiority of N/T genotypes over T/T for pod number, seed weight, and other traits, but no significant difference for grain yield/plant was found between N/T and T/T plants. The observation on per plant seed yield of these two genotypes in the present material was in agreement with this report.
Detection of Translocation Homozygous (T/T) Plants
In the present investigation, 22.96% progeny plants in the selfed RTs were identified as T/T only when they were crossed with N/N plants. Range of pollen sterility (40.0-63.0%, mean 49.57 ± 5.5) indicated semisterile nature of the resultant F 1 plants. Predominant occurrence of 1IVþ5II association at diakinesis and metaphase I of these F 1s suggested that the parental plants showing variant phenotypes carried translocation in homozygous condition. These plants exhibited 7II at meiosis I but produced gametes with the translocated chromosome. On the other hand, N/N plants produced gametes with standard nontranslocated chromosomes as usual but in reciprocal crossing with the variant plants union of 2 different types of gametes (nontranslocated from N/N and translocated from T/T plants) took place. This has led to disturbances in normal meiotic pairing resulting in quadrivalent formation and subsequent semisterility in F 1 plants. These F 1 plants (2n 5 14) were indeed translocation heterozygote types, and one of their parents showing variant phenotypes was actually translocation homozygote. In general, these plants showed weak growth habit and premature death of some of the plants at seedling stages indicated homozygote inferiority in selfed progeny. Malefijt and Charlesworth (1979) attributed this inferiority to the accumulation of recessive or semirecessive deleterious mutations resulting in zygotic lethality in translocation homozygotes and ultimately leading to early elimination of the less-fit homozygous progeny. The homozygote inferiority exhibited in the present translocation was in agreement with the observation in pea (Müller 1975 ) but in contrast with the earlier reports of vigorous and fertile translocation homozygote in different other crops (Gale and Rees 1971; Sjödin 1971) . In a chromosome interchange in soybean, lighter seed, fewer pods and higher rate of seed abortion were exhibited in T/T plants as compared with N/T plants. This was possibly due to association of the interchange with a deficiency of small piece of chromosome carrying the concerned gene (Palmer and Heer 1984) . The present T/T plants also showed weaker growth and smaller seed size than N/T plants. Yet, they were fertile and an important source of RTs in progeny when crossed with normal cultivars. Due to high degree of variation in phenotypic manifestations, they could not be classified simply on the basis of their morphological traits, and thus, further study is needed to characterize them in detail.
Intercrossed Progeny: N/N Â RT Segregation of fertile N/N and semisterile N/T plants in the F 1 progeny of N/N Â RTs indicated appearance of RT heterozygote plants in intercrossed population also. The results also suggested predominant occurrence of 2:2 segregation over 3:1 disjunction in the ring of 4 chromosomes in semisterile plants, and the gametes carrying the translocated chromosomes functioned efficiently to some extent resulting in zygotes, heterozygous for reciprocal translocation, to develop viable seeds. As mentioned earlier, the counterbalancing effect of alternate chromosome orientation over adjacent might play a role in restoring partial fertility in the RT plants.
Detection of Aneuploid in Selfed RTs and in Progeny of RTs Â N/N
Although low in number, occurrence of aneuploid plants (2nþ1; 2n515) in selfed RTs as well as progeny of N/N Â RTs carried significance. Regular presence of one pentavalent in pollen mother cells of these aneuploids indicated origin of trisomy with translocated chromosome as extra in the present material. Instead of usual 2:2 disjunction, unequal 3:1 separation in the quadrivalent ring of RT gave rise to aneuploid gametes in a very low number of plants, and this unequal separation of chromosomes at anaphase I might lead to formation of trisomic condition in intercrossed progeny also. Presence of one extra interchanged chromosome in the genome of these trisomic plants might be responsible for meiotic disturbances leading to higher pollen sterility, weak growth, and poor seed yield. Recently, 7 different primary trisomics and tetrasomics showing aberrant phenotypes from normal diploids have been reported in grass pea (Talukdar and Biswas 2007; Talukdar 2008b) . These trisomics were self-fertile, and using them, a few morphological traits have been assigned to different chromosomes in this crop (Talukdar 2009 ). Primary observation indicated that the present trisomic plants were also self-fertile, although detail cytogenetic analysis in this regard is necessary. Among the closely related legumes of grass pea, interchange or tertiary trisomics from selfed translocation heterozygotes were recovered in pea (Sutton 1939; Müller 1975; Mercykutty and Kumar 1985) .
Intercrossed Progeny: RT Â RT Presence of ring or chain of 6 chromosome association in hybrid plants indicates that the 2 translocations have 1 chromosome in common, whereas formation of 2 rings or chains of 4 chromosomes at metaphase I suggested absence of common chromosome between the translocation lines involved in the crosses (Burnham et al. 1954) . Presence of 1IV þ 5II, however, is the indication of same translocation carried by 2 translocation heterozygote parents. In the present study, association of 6 chromosomes in F 1 plants of RT-1 Â RT-2, RT-1 Â RT-4, RT-2 Â RT-3, and RT-2 Â RT-4 suggested that one common chromosome was involved in translocation of RT-1, RT-2, and RT-4 lines. The association of ring of 6 chromosomes with nucleolar organizer region in progeny obtained from RT-1 Â RT-2 and RT-1 Â RT-4, but absence of this association in the progeny of RT-2 Â RT-4 confirmed that among 4 translocation lines, nucleolar organizer chromosome was involved in translocation of RT-1 line only. On the other hand, presence of 2 rings of 4 chromosomes in F 1 of RT-1 Â RT-3 and RT-3 Â RT-4 indicated involvement of 4 different nonhomologous chromosomes, with no chromosome in common, and the translocated chromosomes were unique in each of the 3 translocations. In the former cross, out of 2 rings, 1 was always attached with nucleolar region confirming involvement of translocation in nucleolar region only in RT-1 line. Presence of a ring of 6 chromosomes in RT-2 Â RT-3 as well as in RT-2 Â RT-4 and 2 rings of 4 chromosomes in RT-3 Â RT-4 indicated that RT-2 shared one common chromosome with RT-3 and a different chromosome in common with RT-4, but none of the chromosomes involved here was associated with nucleolar organizing region as evidenced by chromosome association during diakinesis. Based on the observation of 1 ring of 6 chromosomes in crosses, RT-2 Â RT-1 and RT-2 Â RT-4, RT-2 would have 1 of the 2 translocated chromosomes in RT-1 and 1 of the 2 translocated chromosomes in RT-4. Exclusive presence of 1 ring of 4 chromosomes with 5 bivalents, however, was not found in progeny of any of the 6 crosses. Therefore, it could be concluded that 5 out of 7 chromosomes (n57) are involved in reciprocal translocations in 4 different RT heterozygote lines, and all 4 types of translocation were independent with each other, that is, carrying combinations of different nonhomologous translocated chromosomes in the present material. These double heterozygous plants carrying either a ring or chain of 6 chromosomes, or 2 rings of 4 chromosomes exhibited higher pollen sterility and reduced rate of transmission than the expected 25%. Presumably, involvement of more number of different nonhomologous chromosomes in translocation resulted in increased meiotic disturbances through irregular segregation of number of translocated chromosomes in a single plant. This led to much higher pollen sterility and concomitant decrease in seed production in double heterozygous plants as compared with single heterozygotes. Inverse relationship between the number of translocated chromosomes and the fertility of RT plants was also reported in pea (Gottschalk 1978) and pearl millet (Tyagi and Singh 1974) .
Reciprocal translocation has been considered as an important source of intraspecific chromosomal structural polymorphism (Müntzing and Prakhen 1941; Hrishi et al. 1969; Candela et al. 1979) . In the present material, this polymorphism was due to multiple interchanges involving 5 different chromosomes in 4 RT lines. Detail cytological identity of translocated chromosomes has not been ascertained in these RT lines. Conventional orcein-banded karyotype of root tip divisions has been used to designate the chromosomes according to their length in 3 mother varieties of grass pea; chromosome 1 is the longest and nucleolar organizing chromosome in BioK-231 and BioR-231, whereas chromosome 2 is the nucleolar organizing but second-largest chromosome in BioL-203 (Biswas 1998) . As mentioned before, RT-1 and RT-2 lines developed from BioK-231, whereas RT-3 and RT-4 lines originated from radiation-induced progeny of BioR-231 and BioL-203, respectively. Association of ring quadrivalent with nucleolus in RT-1 line and the presence or absence of this association with hexavalent and quadrivalent in different crosscombinations of 4 RTs indirectly suggested possible involvement of chromosome 1 as one of the translocated chromosomes in RT-1 line, and at least, this chromosome was not involved in translocation of RT-2 and RT-3 lines. On the other hand, translocation of RT-4 line might involve chromosomes other than chromosome 2. In addition, preliminary analysis of chromosome morphology and DNA base-specific DAPI/CMA banding on nontranslocation and RT lines indicated possible exchange of segments between chromosomes 1 and 3 in RT-1 line and between 2 and 7 (the shortest one) in unpublished observation) . Further studies, however, are absolutely needed to confirm this result and to identify all the chromosomes involved in translocations for their efficient utilization in classical and molecular linkage studies in grass pea.
